is a leading cause of long-term disability in the USA and Europe [4] . According to data from the WHO, the stroke burden is predicted to increase from 38 million disability-adjusted life years in 1990 to 61 million in 2020.
MI is part of a disease group termed coronary heart disease that also includes unstable angina pectoris, sudden death and MI [5] . Coronary heart disease is the leading cause of death in adults in the USA, accounting for about one third of all deaths in subjects over the age of 35 years [4] . In Germany, MI was the leading cause of death in 2004.
Furthermore, the longterm course and outcome of both, MI and stroke, is frequently associated with increased rates of depression, anxiety and social isolation, known to reduce, among other factors, the quality of life in these patients [6, 7] .
In recent years, the introduction of quality of life questionnaires has led to an improved understanding of patient-reported health outcomes in clinical studies. Both diseases influence patients in many different ways. This multidimensional influence has not been well evaluated by standard clinical outcome measures. In this study, the EuroQol questionnaire EQ-5D [8] was used. The EuroQol questionnaire is an instrument used to describe and evaluate health states. It is a standardized instrument which provides a simple descriptive health profile with the dimensions mobility, self-care, usual activities, pain/ discomfort and anxiety/depression.
Since both diseases are associated with similar risk factors, questions have arisen as to whether there is a difference in patient-related quality of life after such an event. Therefore, we analyzed data from a large epidemiological study (DETECT, Diabetes Cardiovascular Risk-Evaluation: Targets and Essential Data for Commitment of Treatment; www.detect-studie.de) that drew upon more than 55,000 patients from the German primary care system. There were 3,109 patients with stroke, MI or both and vascular risk factors, and their influence on health-related quality of life (HrQoL) was evaluated in subgroups of patients based on whether they had experienced either MI or stroke or both.
Material and Methods

Study Design
The DETECT study is an epidemiological study in 3 stages conducted in the German primary care system. Initially, in 2003, a primary care provider survey was performed. The second stage of the study consisted of a cross-sectional point prevalence study of unselected consecutive patients who sought care in these settings. Patient sampling was performed on a target half day (in September 2003). Patients were informed by posters and leaflets about the possibility of study participation. All patients had to provide informed consent before participation. They were then asked to complete a self-report patient questionnaire. In addition, a structured doctor's interview and a thorough physical examination were performed. Blood samples were also drawn and analyzed in a random subset of patients. The third phase of the study consisted of 2 follow-up examinations (after 1 and 5 years) of those patients randomly assigned to laboratory workup. The follow-up visits were similar in setup to the initial visit. The DETECT study was approved by the ethical committee of the TU Dresden (AZ: EK149092003; Date: September 16, 2003) . The design and sampling of the original study have been described in greater detail [9] [10] [11] . For more information see also the website (http:// www.detect-studie.de).
On the study target day, a total of 59,403 eligible patients were present in 3,188 participating primary care offices. Of these, 3,607 patients refused participation and for 278 patients, a physician's appraisal was not available. Thus, the present paper is based on data from 55,518 patients (response rate: 93.5%) from the crosssectional part of the DETECT study. We analyzed HrQoL in the group of patients without MI or stroke, in those with either of the diseases alone as well as in patients with both diseases.
Together with clinicians we selected a set of certain risk parameters that may have an influence on the risk of stroke or MI. These included arterial hypertension, diabetes, dyslipidemia, atrial fibrillation, carotid artery stenosis, smoking habits and body mass index (BMI) and were obtained using standard measurements. In addition, the Depression Screening Questionnaire [12] was used to evaluate the presence of lifetime, current and former depression.
Health-Related Quality of Life
HrQoL was evaluated using the generic instrument EQ-5D [8] . Applicable to a wide range of health conditions and treatments, the EQ-5D not only generates a health profile but is also capable of expressing HrQoL as a single index value (utility value). Therefore, it can be used for both clinical and economic evaluations of health care. It includes a descriptive system with 5 dimensions and a visual analogue scale (EQ VAS). The 5 dimensions are mobility, self-care, usual activities, pain/discomfort and anxiety/depression. All dimensions are subdivided into 3 levels. These response levels indicate different categories: no problems, some/ moderate problems and extreme problems. In calculating the responses, there exist 243 (3 5 = 243) possible different health states. The EQ-5D summary score was calculated according to the corresponding scoring algorithms for the German population established by Greiner et al. [13] .
Data Entry and Statistical Analysis
Data were analyzed using Stata 10.0 (StataCorp [14] ). Results are presented as means (SD) or number of cases (percentages) as appropriate. Group comparisons of the EQ-5D score were estimated using a linear regression framework. The assessment of independent predictors of HrQoL was performed using multivariate regression analysis with forward selection. The variables used in univariate and multivariate analyses were specified based on the opinions of a consensus among 3 specialists and data from previous studies. Variables were screened by means of the Spear-man rank correlation (p = 0.10) with regard to their possible impact on health status. Of those variables that proved significant in bivariate analysis, reasonable variables were chosen for multiple linear regression with EQ VAS and EQ-5D index scores as dependent variables. We used a stepwise forward mode to include independent predictors with a significance level of ␣ = 0.05. Multivariate logistic regression was applied to test for a significant predictor of single dimensions of the EQ-5D index. The 5 dimension variables were dichotomized into 'having problems' or 'having not' (e.g. no problems with daily activities equals 0, some problems or severe problems with daily activities equals 1). Standard errors and 95% CI were estimated using the bootstrap technique to account for the skewed distribution of the EQ-5D score. Data were weighted to adjust for nonresponse, regional distribution and attrition.
Results
Patient Characteristics
A total of 55,518 patients were included in the study; 2,181 patients had suffered a MI, 783 patients were diagnosed as having had a stroke and 145 patients had suffered both. The mean age was 67.4 years (SD = 10.2 years) for patients with MI, compared to 68.2 years (SD = 10.8 years) for patients who had suffered a stroke, and a mean age of 70.3 years (SD = 8.4 years) for patients who had suffered both. 59.2% of all patients were female. Amongst the patients with MI, 29.5% were females, compared to 44.0% among stroke patients and 25.9% of those who had both stroke and MI. Further patient characteristics are provided in table 1 . Values denote numbers with percentages weighted for attrition and nonresponse in parentheses, or means 8 SD. Valid observations -smoking status: n = 52,598; pack years for current smokers: n = 13,190; BMI: n = 54,939; depression: n = 51,206; mental disability days: n = 47,459; physical disability days: n = 46,882.
Differences in HrQoL
Next, we evaluated EQ-5D values within these different groups. In each EQ-5D dimension, there is an increase in reported problems in patients with MI, stroke and both diseases as compared to patients without either of these diseases. In detail, the mean EQ-5D score was 0.74 in patients without stroke or MI, compared to 0.66 (p ! 0.001) in patients with MI and 0.62 (p ! 0.001) in patients with stroke. The EQ-5D values were significantly lower in patients having suffered both (0.57). A similar pattern was found for each of the 5 dimensions of mobility, self-care, usual activities, pain/discomfort and anxiety depression. Patients with a history of MI, stroke or both diseases reported significantly higher proportions of moderate and extreme problems compared to patients without stroke or MI. Detailed results can be found in table 2 . Table 3 provides an overview of the distribution of established risk factors for cerebrovascular disease for patients without stroke or MI, patients with stroke, MI and both diseases and the associated quality of life within each of these groups. Patients suffering from stroke and MI had the lowest quality of life across risk factor levels as compared to patients without stroke and MI (p ! 0.001) and patients with either stroke or MI. The HrQoL decreased with increasing risk factor levels in general. Patients with stroke or MI also reported lower HrQoL (p ! 0.001) in contrast to patients without both diseases.
Risk Factors for Cerebrovascular Disease and Associated HrQoL
Multivariate Analysis to Evaluate the Association of Quality of Life with Risk Factor
Based on clinical experience we selected several risk factors known to influence HrQoL. These included age, sex, sexual dysfunction, carotid artery stenosis, BMI, anxiety/ V alues denote numbers with percentages in parentheses unless otherwise indicated. Valid patient ratings: mobility (n = 50,914); self-care (n = 51,341); usual activity (n = 51,060); pain/discomfort (n = 50,385); anxiety/depression (n = 50,202). 
Discussion
In this representative sample of over 55,000 primary care patients we find, consistent with previous studies in partly highly selective samples [6, [15] [16] [17] [18] that (1) MI as well as stroke are associated with significantly stronger reduction in quality of life than other illnesses. (2) Beyond these confirmative findings, however, we could show that stroke in particular appears to be greatest contributor to HrQoL, revealing that any pattern of comorbidity with stroke and in particular the combination of MI and stroke is associated with significantly stronger reduction in HrQoL. This leads to our conclusion the reduction in quality of life and functioning status are largely driven by the CNS complications of stroke.
We were able to identify several risk factors that influence differences in EQ-5D outcome when comparing stroke and MI. Amongst these is depression, but also smoking and mean systolic arterial blood pressure.
These data provide further evidence that early diagnosis and treatment of cardiovascular risk factors is essential to reduce subsequent stroke in patients from the German primary care system. It is most important to underline the problems associated with continued smoking. In addition, nicotine abuse was associated with reduced scores in quality of life. The same holds true for mean systolic blood pressure, which not only is known to increase the risk of renewed insult and other events, but also has a considerable impact on HrQoL.
Furthermore, it is obvious that, in addition to treatment of associated risk factors, it is essential to consider the possibility of depression and anxiety following stroke in primary care. This might be especially difficult to determine in patients with affected language, but our data detected a considerable influence of both anxiety and depression on HrQoL. It needs to be noticed that for patients with aphasia there is a specific questionnaire to be used to detect depression. Unfortunately, it was not applied in this study.
Interestingly, in our study the influence of depression is independent of MI or stroke, which indicates that depression is a problem in both diseases. It needs to be considered, however, that presence of depression directly influences HrQoL. Depression is a known independent risk factor. Therefore, early diagnosis and consequent therapy should be considered, especially during ambulatory care [19, 20] . This may not only increase the quality of life of individual patients, but may also be important in costeffectiveness. Patients with depression are known to suffer from comorbidities that increase financial burden due to a higher number of disability days and early retirement, amongst others [21, 22] . Therefore, considering and evaluating depression/anxiety in patients with MI or stroke seems important to avoid long disease duration and unnecessary complications.
Furthermore, we detected an association between HrQoL and BMI. The control group demonstrated a negative correlation between BMI and EQ-5D values, i.e. the lower the BMI status, the higher the HrQoL. In contrast, patients with MI and stroke demonstrated increasing EQ-5D values with increasing BMI scores. This association tends to change to a negative correlation by controlling for other risk conditions, but it fails statistical significance. In contrast, patients with MI or stroke demonstrated increasing EQ-5D values with increasing body weight. Currently, we do not have a data-based explanation for this finding.
Our univariate regression analysis reveals significant influences of almost all risk factors imputed. However, one needs to consider the high number of patients participating in this group. From a statistical point of view, this renders even small effects statistically significant. Looking at these data from a clinical point of view, it seems likely that at least changes in BMI group as well as presence of diabetes, hyperlipidemia and hypertension explain some of the observed variability. These are, in general, associated with negative influences on quality of life. In line with this argumentation is the observation that smoking does not significantly contribute to chang-es in quality of life as there is a direct and positive influence of smoking on wellbeing.
Despite the fact that the study design was carefully chosen and a large number of patients were included in this study, there are some limitations associated with it. First, the physicians who performed the examinations of the patients did not receive a special training in how to rate them. This inevitably led to problems with scoring patients. The data quality could have been enhanced by compulsory trainings; however, the goal was to reflect the regular treatment of patients in primary care. Furthermore, no specific scores were applied to measure the severity or the disability of the neurologic deficit. Second, we only assessed the presence or absence of a disease, but there was no time scale informing us as to when a certain disease was diagnosed and how it was diagnosed according to predefined scales. Third, the study was performed in a cross-sectional design. The study sample was sufficiently large to provide a representative sample for Germany. However, patients with very severe or fatal MI or stroke were not included in this study, which may have biased its results. In addition, HrQoL was measured, but from our data it cannot directly be linked to the sequences of a given disease. It may have 2 Clinicians rating 'definite' or plasma glucose >125 mg/dl or antidiabetic treatment. 3 Clinicians rating 'definite' or blood pressure >140/90 mm Hg or antihypertensive treatment. 4 Disability days in last 4 weeks.
been possible that confounding variables influenced HrQoL. We tried to account for this by including the days that patients were unable to work as an indirect measure of their disability. This may serve as a possible surrogate parameter to account for the medical status related to the index diseases. Under the assumption that there is a random noise of comorbidity, this may allow one to impute quality of life to HrQoL. As can be seen from table 1 , these values are very similar across the groups. Therefore, at least the surrogate parameter demonstrates a random noise of comorbidity.
In summary, we conclude from our data that the HrQoL of patients who have had an MI and stroke is primarily determined by the CNS complications of stroke. We were able to identify several risk factors that influence differences in outcome when comparing stroke and MI. 
